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(57) A novel method for treating undesired hyper- 
proliferative tissue in a mammal. The method includes 
the steps of: injecting the mammal with a photodynamic 
compound having a selective uptake in the hyperprolif- 
erative tissue and which is activated at a particular light 
frequency; injecting the mammal with a xanthenone- 
4-acetic acid or a Group I metal, Group II metal or qua- 
ternary salt thereof near the time of maximum uptake of 
the photodynamic compound in the hyperproliferative 
tissue; and exposing the hyperproliferative tissue to light 



at the particular frequency that activates the photody- 
namic compound. The method of the invention causes 
necrosis of the hyperproliferative tissue to an extent 
greater than can be obtained by either the photodynam- 
ic compound or xanthenone-4-acetic acid alone. Further 
and surprisingly the method enhances immune re- 
sponse of the mammal to the hyperproliferative tissue 
even after the photodynamic compound and xanthe- 
none-4-acetic acid are no longer present in the mam- 
mal. 
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Description 

BACKGROUND OF THE INVENTION 
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[0001] This Invention was made with support by Grant 
Number CA 55791 from The National Cancer Institute 
The U.S. Government may have certain rights in this in- 
vention. 

[0002] This invention relates to a method tor treat- 
ment of hyperproliferative tissues, such as tumors and 
hyperprolrferative blood vessels, e.g. those associated 
. T t6d maCU,ar generation (AMD), using 
photodynamic methods. Certain photodynamic com 
pounds, e.g. porphyrin related compounds such as de- 
rives of chlorins, bacterioch.orins and hematopor- 
Phynns such as porfimer sodium compounds, when sta- 

! , USed ' 0r ,ha ' PU,p0Se These compounds 
have the abrhty to preferentially collect in hyperprolifer- 
at.ve tissues when injected into an organism and to ab- 
sorb bghttocause reduction in growth of the tissue, such 
as by its destruction. Such reduction in growth of hyper- 
a^r 7 T Ue USi " 9 P hotod y"amic compounds is 
^ ^ re,erred ,0 herein as P^todynamic therapy. 
[0003] Photodynamic therapy (PDT) is a relatively 
new modality for the treatment of various types of solid 
tumors. Many porphyrins and related photosensitive 
compounds demonstrate the ability to selectively accu- 
mulate m neoplastic tissue after intravenous injection 
and sens tl2e the tjssue t£) photojrradjatjon 

of the photosensitive agent by visible light, delivered by 
alaser through fiber optics, results in the generation of 

T, or, 896 "! 8 - U fe CUrren,,y acCe P ,ea that t"e pro- 
duction of s.nglet oxygen, formed from molecular oxy- 

™T Sd ! r ° m molecular oxygen by the transfer of 
energy directly or indirectly from the activated photosen- 
sor. «s responsible for tumor homeostasis and the ob- 
served tumor destruction. 

[0004] Following absorption of light, the photosensi- 
t,2er ,s transformed from its ground singlet state (P) into 
an electronically excited triplet state (3 P - T ~ 10 ' 2 L c ) 
v.a a short-lived excited singlet state ('P-; t ~ i 0 -6 se c 
The excited triplet can undergo non-radiative decay or 

SS£ I" T eleC,r ° n tranS ' er process with bi °'0S'<=al 
orodu^ i m radiCa ' S and radiCal ions ' w "ch <=an 
produce smglet oxygen and superoxide (O, ) afterinter- 

£ aZT rn ° ,eCU,ar 0XV9en Single, oxygen LTh 6 
key ag ent responsible for cellular and tissue damage in 
PDT, causing oxidation of the target tissue (T); there al- 

H 1 • n WaS rep ° ned ,hat a combination of 
hema toporphyrjn derivative (HpD) and 

tive.ncaus,ng partial or complete tumor necrosis in 111 

11 un 0 ? 25 Pa,ientS PDT with ^otof rin®, a pu- 
nfied HpD, has been approved in Canada for bladder 
and esophageal cancer; in the Netherlands and France 

0 3 anl7 a ?! a ^ anCedS,aaeeS0pha 9 ea 'cancerJnT 
pan for eariy stage lung, esophageal, gastric, and cer- 
vical cancer, and in the United States for advanced 



stage esophageal and lung cancers. More than 10 000 
patients worldwide have been treated with PDT for a 
multiplicity of tumors accessible to light, including skin 
lung, bladder, head and neck, breast, and esophageal 
* cancers. PDT exerts its antitumor effect bysevlra 
mechanisms, e.g. direct toxicity to tumorcells. occlusion 
^d'ssolut. on of tumor vasculature andmicrovascula- 

pdt £2,* ,hese modes °' ° Peration ' a "»*■! 

PDT treated tumors are not cured. Further PDT has little 

n add t.on, known photodynamic compounds are onen 
ineffective against hypoxic tumor cells and do little to 
enhance .mmune response of the organism to unde- 
s,red hyperpro .ferative tissue. Therefore, pho.odynam- 
« therapy whi.e effective, is not as effective as desfred 

10006] Chemotherapy is used a) as adjuvant treat- 
ment before and after local treatment for primary at 
ease, with the aim of eradicating occult meiastas* and 

cirr a,i ° n W1,h ° ,her m0da,i,ies ' inc <uding other 
chemotherapeutic drugs, in an attempt to improve thei 
therapeuhc effects. This synergy does no, lead t th - 
apeu ic benefit unless the interaction between th 
fects is tumor specific. There has been a recent interest 
ol ? , t °K 9iCa ' reSP ° nSe m0d,fiere < B ™> * *ng2 

a larornlh era f S " ainSt CanC6r " BRMs ^sist'of 
a large number of molecules that may act to regulate 

drn S S . COmP h 0nemS ° f lmmUne res P°" sa 
defense mechanisms. 

» [0007] The development of agents that can stimulate 
or augment the host's immune response against ma'g 

theraov T***"* *" approach 10 cancer 

therapy. Flavone-B-acetic acid (Fig. 1a) is a synthetic 

navono.dwde.ystudiedin,hemid-1980sthrough1990s 

mJ » T? ,0 ' rea ' S0 "' d ,Um0rS ' FAA e * erts «• antitu- 
mor activity, at least in part, by interrupting tumor vas- 
cular supply. For example various investigators, usfng 
oye perfusion, NMR, RbCI-uptake and Xe-clearance 
echn.ques. have shown that FAA causes reduction in 

22? "r Uttle " n ° a,,eration in normaf, ssue 
blood flow has been observed. While FAA shows in vitro 
act.vity against a number of tumor eel, lines, in JTef 
fecte primarily hemorrhagic tumor necrosis are similar 
to those described following treatment with TNF FAA 
induces natural killer cell activity in spleen andothertis- 
Z f 'l COmpar,son of *» "^and in vivo studies using 
theLew,slungcarcinomastronglysuggested an indirect 
modeofam,tumoraction.Mahadevanetal.demonstrat- 
» rlTl, Pre, : ea,mem °' m 'co with antiserum to TNF-ct 

26 tumor blood flow .nduced by FAA. In the same study 
IT»T ^ ,0 indUCe ** ^osplenocytes and pe^ 

Z If T Ce " S t0 Pr ° dUCe and re,ease ^ a 'eria. 
w,th TNF-a-l.ke activity (as determined in a functional 

IZZ USi " 9 TNF - sensitive WEH1 164 cells,. These ob 
servations suggest that the activity of FAA can be attrib- 
uted to .ts ability to induce TNF-ct in tumors 
[0008] In spite of the impressive preclinical activity of 
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FAA, clinical trials have been disappointing due to lack 
of potency and dose limiting toxicity. Structure-activity 
studies of analogs of FAA were undertaken to find com- 
pounds with similar biological profiles but with increased 
clinical effectiveness. In the earliest study the topologi- 
cally related mono-substituted fused-ring analog Xan- 
thenone-4-acetic acid (XAA) proved more efficient than 
FAA in eliminating Colon 38 tumors. Subsequently a 
study by the same group showed that some di-substi- 
tuted derivatives of XAA, in particular 5,6-Dimethylxan- 
thenone-4-aceticacid (DMXAA; Fig. 1b), had consider- 
ably greater dose potencies than FAA against implanted 
munne tumors. Like FAA, DMXAA has been shown to 
induce TNF-a along with IFN-y. The TNF-cc is produced 
almost entirely within the tumor by both tumor cells and 
tumor-infiltrated host cells. Circulating TNF is markedly 
lower than that obtained by injecting therapeutic levels 
of TNF-ct or by endogenous induction of TNF-a by LPS 
administration. This results in a selective tumor re- 
sponse with moderate systemic toxicity. DMXAA, in con- 
trast to FAA, is active in vitro against cultured human 
and murine cells. It has been shown that exogenous 
rHuTNF-a potentiates PDT without a concomitant in- 
crease in either local or systemic toxicity. 
[0009] It is therefore an object of the invention to im- 
prove effectiveness of photodynamic compounds 
against hyperproliferative tissue including hypoxic tu- 
mor cells, to enhance immune response of the organism 
to undesired hyperproliferative tissue and to provide ef- 
fectiveness even in the absence of exposure to light 
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BRIEF SUMMARY OF THE INVENTION 

[0010] In accordance with the invention a novel meth- 
od is provided for treating undesired hyperproliferative 
tissue in a mammal. The method includes the steps ef- 
fecting the mammal with a photodynamic compound 
having a selective uptake in the hyperproliferative tissue 
and which is activated at a particular light frequency in- 
jecting the mammal with a xanthenone-4-acetic acid or 
a Group I metal, Group II metal or quaternary salt thereof 
near the time of maximum uptake of the photodynamic 
compound in the hyperproliferative tissue; and exposing 
the hyperproliferative tissue to light at the particular fre- 
quency that activates the photodynamic compound 
[0011 J The method of the invention causes necrosis 
of the hyperproliferative tissue to an extent greater than 
can be obtained by either the photodynamic compound 
or xanthenone-4-acetic acid alone. Further and surpris- 
ingly the method enhances immune response of the 
mammal to the hyperproliferative tissue even after the 
photodynamic compound and xanthenone-4-acetic acid 
are no longer present in the mammal. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Figure 1 A shows the chemical structure of FAA. 
Figure 1 B shows the chemical structure of DMXAA. 
Figure 2A is a graph showing dose response of RIF- 
1 tumors to PDT using porfimer sodium (Photof- 
nn®) using 630 nm laser light at varying doses and 
light energies. 

Figure 2B is a graph showing dose response of RIF- 
1 tumors to DMXAA at varying doses. 
Figure 3 is a graph showing response of RIF-1 tu- 
mors to PDT + DMXAA. 

Figure 4 is a graph showing response of RIF-1 tu- 
mors to PDT + DMXAA showing a weak immediate 
response followed by a delayed tumor response 
Figure 5 is a graph showing a challenge of C3H 
mice with RIF-1 tumors following tumor regression 
of original tumors treated with a combination of PDT 
and DMXAA resulting in a delayed response. 

DETAILED DESCRIPTION OF THE INVENTION 

25 [0013] The hyperproliferative tissue subject to treat- 
ment in accordance with the method of the invention is 
any tissue that grows uncontrollably in the mammal 
such as tumors and hyperproliferative blood vessels as 
may be found in AMD. The method is especially suitable 
30 for both large and small tumors that may be metastatic 
The tumors may me micro tumors or may be hypoxic 
[0014] The method is applicable to essentially any 
mammal since the operation of photodynamic com- 
pound is mammal independent. Further, since the xan- 
35 thanone-4-acetic acid (XAA) induces tumor necrosis 
factor (TNF) by the same mechanism regardless of the 
mammal involved, the use of XAA is also mammal in- 
dependent. The method is therefore applicable to all 
mammals, especially rodents and primates. 
<o [0015] The photodynamic compound is usually any 
porphyrin related compound, e.g. porfimer sodium sold 
under the trademark PHOTOFRIN®, and derivatives of 
chlonn and bacteriochlorin as for example described in 
U.S. Patents 4,866,168; 5,002,962; 5,028 621 
<* 5,093,349; 5,173,504; 5,190,966; 5 198 460 ' 
5.225,433; 5,314,905; 5,459,159; 549871 0-' 
5,591 ,847; 5,864,035 and 6, 1 03,751 . The photodynam- 
ic compound is usually employed in an amount of about 

so I? ab u° Ut 10 m9/k9 ° f b0dy wei 9 ht of the mammal. 
When the photodynamic compound is porfimer sodium 
the light frequency used is about 630 nm at an energy 
of about 1 00 to about 225 J/cm*. 
[0016] The xanthenone-4-acetic acid is xanthenone- 
4-acetic acid and its substituted derivatives, especially 

55 dialkylxanthenone-4-acetic acid and preferably 5 6-di- 
alkylxanthenone-4-acetic acid. The dialkylxanthenone 
acetic acid is most commonly dimethylxanthenone ace- 
tic acid (DMXAA) used in a concentration of about 10 to 
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about 30 mg/kg of body weight of the mammal. It is to 
be understood that the term xanthanone-4-acetic acid 
includes its substituted derivatives, especially its alkyl 
substituted derivatives and is intended to include its 
Group I and Group II metal and ammonium and quater- 
nary salts. 

[0017] DMXAA in principle can be successfully com- 
bined with PDT for the following reasons: a) the differing 
systemic toxicities of these two modalities allow for their 
combination, at close to full tolerated doses, with addi- 
tive effects against tumors and less than additive toxic- 
ities to normal tissues, b) published results suggest that 
DMXAA is more effective against hypoxic tumor cells, 
precisely those cells that are most likely to be resistant 
to PDT, and c) the BRM properties of DMXAA in combi- 
nation with PDT can stimulate immunity against the tu- 
mor. Our preliminary data with the syngeneic murine fi- 
brosarcoma RIF-1 suggests that PDT with adjuvant 
DMXAA results in both increased antitumor activity with- 
out concomitant toxicity and immunogenicity against the 
tumor. Optimization of this latter property can result in 
the successful eradication of occult micrometastases. 
[0018] The method of the invention is a method or 
process to locally treat malignant tumors by combining 
photodynamic therapy with a substance capable of 
modifying a biological response, and is a method or 
process to stimulate tumor immunity resulting in the con- 
trol of primary tumors and occult metastases by com- 
bining photodynamic therapy with a substance capable 
of modifying a biological response. 
[0019] PDT and DMXAA or related biological re- 
sponse modifying compounds are applied using doses 
and intervals between the application of each therapy 
so that a strong, immediate antitumor response is ob- 
tained. 

[0020] PDT and DMXAA or related biological re- 
sponse modifying compounds are applied using doses 
and intervals between the application of each modality 
so that a delayed antitumor response is obtained. The 
delayed response may require a weak and ineffective 
immediate antitumor response. The delayed response 
unexpectedly leads to the immunity of the subject to 
subsequent tumor growth. 

[0021] The drawings illustrate the responses of RIF- 
1 tumors to either PDT (Fig. 2a) or DMXAA (Fig. 2b). 
Dose response data are shown in the form of Kaplan- 
Meier 'survival' plots, where the percent of RIF-1 tumors 
with volumes less than 400 mm are plotted against time 
from treatment. Tumor volumes at the time of treatment 
were 50-70 mg (approximately 3% of the mouse body 
mass). Both PDT and DMXAA, when administered 
alone, can control tumors in a dose-dependent manner. 
However, the most effective doses are at or near the 
treatment toxic limits in this mouse model. It is thought 
that morbidity and mortality following large PDT doses 
are at least in part model specific; i.e., local treatment 
of the tumor results in the illumination of a relatively siz- 
able volume of the subject vis-a-vis much larger sub- 



jects like human patients. 

[0022] In pilot studies of PDT plus adjuvant DMXAA 
only low doses of each modality were chosen. Figure 3 
shows RIF-1 tumor regrowth using the following condi- 

5 tions: 2 mg Photofrin/kg. 23 hours, 20 mg DMXAA/kg. 
2 hours, 135 J/cm 2 630-nm laser light. Control tumors 
(no drug, no light) are shown as solid black squares; 
DMXAA are shown as open circles; PDT alone as gray 
circles. When PDT and DMXAA were combined (indi- 

10 vidual tumors are shown as dotted lines) there was a 1 0 
day delay in tumor regrowth, with 1/5 tumors controlled 
past 60 days. 

[0023] Figure 4 shows tumor response using slightly 
different conditions: 2 mg Photofrin/kg, 23 hours, 20 mg 

is DMXAA/kg, 1 hour, 135 J/cm 2 630-nm laser light. The 
symbols in the graph are the same as for Figure 3. All 
five mice in the combined treatment group had weak im- 
mediate responses, i.e., only a two-day regrowth delay. 
However, 3 of 5 tumors had a delayed response, where 

20 tumor volumes decreased over two days time from 
— 160 mm 3 to zero volume; 1 of 3 tumors undergoing 
this late response regrew after a 4 day delay. This de- 
layed response has been observed using other treat- 
ment conditions where the initial response was consid- 

25 ered weak (data not shown). Delayed responses are not 
obtained following strong immediate tumor responses 
to combination therapy, nor have delayed responses 
been seen in any control group. 

[0024] One month after treatment the two mice with 
30 controlled tumors (shown at the bottom of Fig. 4) were 
reinjected with a standard tumoring dose of 3 x 1 0 5 RIF- 
1 cells (on the shoulder opposite that of the original treat- 
ed tumor). As seen in Figure 5, after a small amount of 
growth, one tumor regressed to zero volume and has 
35 remained so for > 1 month; the second tumor had some 
initial growth and remained static for several weeks be- 
fore regrowing. This response is indicative of an ac- 
quired immune response against this tumor line, and as 
such this therapy can be used to control both primary 
<to tumors and occult micrometastatic malignancies. 



Claims 

1 . A method for treating hyperproliferative tissue in a 
mammal which comprises injecting the mammal 
containing a tumor with a photodynamic compound 
having tumor selective uptake which is activated at 
a particular light frequency and exposing the tumor 
to light at the particular light frequency; character- 
ized in that the mammal is injected with a xanthe- 
none-4-acetic acid or group I metal, Group II metal, 
ammonium or quaternary salt thereof, proximate 
the time of maximum tumor uptake of the photody- 
namic compound. 
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2. The method of Claim 1 characterized In that the 

hyperproliferative tissue is a tumor. 
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3. The method of Claim 2 characterized in that the 
photodynamic compound is porfimer sodium inject- 
ed at a dose of about 1 to about 10 mg/kg of body 
weight of the mammal and the light frequency is 630 
nm at an energy of about 1 00 to about 225 J/cm 2 . 

4. The method of Claim 3 characterized in that the 

xanthanone-4-acetic acid is 5,6-dialkylxanthanone- 
4-acetic acid. 

5. The method of Claim 3 characterized in that the 
xanthanone-4-acetic acid is 5,6-dimethylxanth- 
anone-4-acetic acid. 

6. The method of Claim 5 characterized in that the 

5,6-dimethylxanthanone-4-acetic acid is injected at 
a dose of about 5 to about 50 mg/kg of body weight 
of the mammal. 

7. The method of Claim 6 characterized in that the 

5,6-dimethy{xanthanone-4-acetic acid is injected at 
a dose of about 1 0 to about 30 mg/kg of body weight 
of the mammal . 
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Figure 3 
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Figure 4 
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Figure 5 
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